Corrugation of chemically converted graphene monolayers on SiO(2).
Sheets of chemically converted graphene (CCG) on the surface of Si/SiO(2) substrates exhibit nanoscopic corrugation. This corrugation has been assumed to be caused by a combination of factors including (a) thermal treatments in the device preparation, (b) different oxygen-containing addends on the CCG, and (c) the substrate roughness. In this paper, we study the interplay of these factors in the corrugation behavior of monolayer CCG flakes, prepared by reduction of graphene oxide (GO) synthesized by Hummers method, and CCG nanoribbons, produced by chemical unzipping of carbon nanotubes, followed by the reduction by hydrazine at 95 degrees C. We have studied the morphology, composition, and electrical properties of the flakes and nanoribbons before and after annealing in Ar/H(2) at 300 degrees C. Our experiments demonstrate that, despite the temperature treatment and the associated removal of the oxygen-containing addends from the basal plane of the CCG, the corrugation pattern of the CCG exhibits almost no change upon annealing. This suggests that the substrate roughness, not the chemical addends nor the thermal cycling, is the predominant determinant in the graphene corrugation. This conclusion is supported by depositing GO flakes on freshly cleaved mica. Such flakes were shown to have extremely low corrugation (rms approximately 70 pm), as dictated by the atomically flat surface of mica. Our experimental observations are in accord with the results of our molecular dynamics simulations, which show that interaction with the substrate greatly suppresses the intrinsic corrugation of graphene materials.